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Introduction
An estimated 340 000 maternal deaths, 2.7 million stillbirths 
and 3.1 million neonatal deaths occur worldwide each year 
– almost all in low-income countries.1–4 In some parts of sub-
Saharan Africa, a woman’s lifetime risk of dying in childbirth 
is as high as one in seven.2 Although women may die at any 
time during pregnancy and up to six weeks postpartum, the 
majority die during the last trimester or within the first week 
following birth.5 Similarly, it has been estimated that, in 
low-income countries almost half of stillbirths occur during 
or around the time of delivery and nearly three quarters of 
neonatal deaths take place within the first few days following 
birth.6–9 Thus, the period around delivery is thought to be 
the time when the woman and her fetus or infant are at the 
highest risk of dying.
Although the timing of the mother’s death will, in itself, 
have a substantial influence on the risk of a fetal or neonatal 
death, the conditions that cause maternal death will also 
contribute to the risk.4,10–19 For example, pre-eclampsia and 
eclampsia are important causes of maternal death and major 
contributors to fetal and neonatal mortality because of their 
association with asphyxia and preterm birth.13,18 Haemorrhage 
and obstructed labour increase the risk of both stillbirth and 
early neonatal death associated with birth asphyxia.19 In ad-
dition, intrapartum stillbirth is usually attributed to obstetric 
Objective To quantify maternal, fetal and neonatal mortality in low- and middle-income countries, to identify when deaths occur and to 
identify relationships between maternal deaths and stillbirths and neonatal deaths.
Methods A prospective study of pregnancy outcomes was performed in 106 communities at seven sites in Argentina, Guatemala, India, 
Kenya, Pakistan and Zambia. Pregnant women were enrolled and followed until six weeks postpartum.
Findings Between 2010 and 2012, 214 070 of 220 235 enrolled women (97.2%) completed follow-up. The maternal mortality ratio was 
168 per 100 000 live births, ranging from 69 per 100 000 in Argentina to 316 per 100 000 in Pakistan. Overall, 29% (98/336) of maternal 
deaths occurred around the time of delivery: most were attributed to haemorrhage (86/336), pre-eclampsia or eclampsia (55/336) or sepsis 
(39/336). Around 70% (4349/6213) of stillbirths were probably intrapartum; 34% (1804/5230) of neonates died on the day of delivery 
and 14% (755/5230) died the day after. Stillbirths were more common in women who died than in those alive six weeks postpartum (risk 
ratio, RR: 9.48; 95% confidence interval, CI: 7.97–11.27), as were perinatal deaths (RR: 4.30; 95% CI: 3.26–5.67) and 7-day (RR: 3.94; 95% CI: 
2.74–5.65) and 28-day neonatal deaths (RR: 7.36; 95% CI: 5.54–9.77).
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conditions.14–17 Rates of maternal death, 
stillbirth – especially intrapartum still-
birth – and early neonatal death have 
all declined markedly in high- and 
some middle-income countries, primar-
ily because of improved obstetric care. 
However, similar reductions have not yet 
been achieved in low-income countries, 
where maternal, fetal and neonatal mor-
tality rates remain high.11,20
In low-income countries, one half to 
two thirds of births occur either at home 
or in community health clinics, often 
without a skilled health-care worker be-
ing present.9,21,22 In these situations, it may 
not always be possible to transfer a wom-
an to an emergency obstetric care facility 
in time to perform a life-saving procedure 
should the need arise.23–25 Furthermore, 
as more emphasis is placed on delivery 
at health-care facilities and as women 
become more aware of the benefits, there 
has been an increase in the workload at 
referral hospitals in low-resource areas, 
many of which are underequipped and 
understaffed.25–27 Thus, even when a re-
ferral is made, the quality of care is often 
inadequate, especially for women who 
arrive late with a complication.10
However, maternal deaths are rela-
tively rare even in areas with a high 
maternal mortality rate and, as a result, 
few studies have investigated maternal 
deaths and their relationship to fetal and 
newborn outcomes. Those that have been 
performed have generally been limited to 
hospital births and have included only 
a small number of deaths.27–30 Conse-
quently, it is difficult to generalize their 
findings. One ecological study, which 
used demographic and health surveil-
lance data to evaluate the association 
between childhood and maternal deaths 
in Bangladesh, found that the probability 
of survival to the age of 10 years was 24% 
for children whose mothers died com-
pared with 89% for those whose mothers 
were still alive at their tenth birthday.28
Since there is a lack of population 
based studies on maternal and perina-
tal mortality we wanted to determine 
the rate and timing of maternal death 
among a large group of women who gave 
birth in the community in several low- 
and middle income countries and to in-
vestigate associations between maternal 
death and stillbirth and neonatal death.
Methods
Between 2010 to 2012, as part of a 
prospective, maternal newborn health 
study of all pregnancies, we documented 
maternal, fetal and neonatal deaths that 
occurred up to six weeks postpartum. 
The study was done in 106 communities 
at six sites in five low-income countries 
(Chimaltenango, Guatemala; Nagpur 
District and Karnataka District, India; 
Western Provence, Kenya; Thatta Dis-
trict, Pakistan; and Lusaka, Zambia) 
and at one site in a middle-income 
country (Corrientes, Argentina).9 These 
seven sites were selected by the Eunice 
Kennedy Shriver National Institute of 
Child Health and Human Develop-
ment in the United States of America 
(USA), which supports the Global 
Network for Women’s and Children’s 
Health Research, to represent rural or 
semi-urban geographical areas served 
by government health services. Each 
site included between six and 24 distinct 
communities. In general, each commu-
nity represented the catchment area of a 
primary health-care centre and, in each, 
300 to 500 births took place annually. 
Beginning in 2009, the study investiga-
tors at each site initiated an ongoing, 
prospective maternal and newborn 
health registry of pregnant women for 
each community. The objective was to 
enrol pregnant women by 20 weeks’ ges-
tation and to obtain data on pregnancy 
outcomes for all deliveries that took 
place in the community. Each commu-
nity employed a registry administrator 
who identified and tracked pregnancies 
and their outcomes in coordination with 
community elders, birth attendants and 
other health-care workers.
All pregnant women resident in 
study communities were eligible for 
inclusion. Women were enrolled dur-
ing pregnancy and data on pregnancy 
outcomes were collected by the trained 
registry administrators – usually nurses 
or health workers – who were supervised 
by study site investigators. At each site, 
efforts were made to verify that all 
pregnant women residing in the study 
communities were included in the reg-
istry and that data on all outcomes had 
been obtained. The study coordinators, 
who were generally nurses or physicians, 
monitored enrolment and follow-up to 
ensure that the data collected were con-
sistent, complete and of a high quality. 
For hospital births, registry adminis-
trators reviewed hospital birth records 
routinely to identify deliveries to women 
from the study communities. In addi-
tion, culturally appropriate strategies 
were used at each site to ensure that all 
outcomes were reported. For example, 
elders or chiefs in one village used mo-
bile phones to send text messages when 
women enrolled in the study gave birth. 
Such strategies increased the likelihood 
that we were able to identify all pregnan-
cies and maternal and fetal outcomes.
Demographic and medical data 
were obtained for each woman by either 
the registry administrator or the study 
coordinator. All deaths that occurred 
during pregnancy or in the six weeks 
postpartum were reported using World 
Health Organization (WHO) classifi-
cations.31 The cause of each maternal 
death was assigned by the registry 
administrator on the basis of clinical 
and other information provided by the 
birth attendant and the woman’s family. 
All death reports were reviewed by the 
supervising physician at the study site. 
For deaths for which a definite cause 
could not be established, we undertook a 
secondary investigation to identify con-
tributing factors, such as haemorrhage, 
pre-eclampsia, eclampsia or obstructed 
labour, and classified the cause accord-
ingly. Details of this procedure have 
been described elsewhere.9
Study data were entered onto Mi-
crosoft Access computer files (Microsoft, 
Redmond, USA) at each study site and 
data were edited before transmission 
to the central data centre at RTI Inter-
national in the United States, where 
additional data edits were performed 
and the data were analysed using SAS 
version 9.2 (SAS Institute, Cary, USA). 
The study findings were reported us-
ing descriptive statistics and risk ratios 
were calculated for maternal, fetal and 
neonatal outcomes. Generalized estima-
tion equations were used to adjust for 
the characteristics of each site and for 
clustering.
The study was approved by uni-
versity review boards at each local site, 
by partner universities in the United 
States and by RTI International and was 
registered as trial NCT01073475 at the 
ClinicalTrials.gov registry (United States 
National Library of Medicine, Bethesda, 
USA). All women provided informed 
consent before enrolment.
Results
Between 2010 and 2012, 224 234 
pregnant women were considered for 
enrolment in the study and 220 365 
were regarded as eligible. Of these, 
220 235 were enrolled since 130 refused 
Bull World Health Organ 2014;92:605–612| doi: http://dx.doi.org/10.2471/BLT.13.127464 607
Research
Pregnancy-related mortality in low- and middle-income countriesSarah Saleem et al.
Ta
bl
e 
1.
 
De
ta
ils
 o
f b
irt
hs
 in
 si
x c
ou
nt
rie
s, 
by
 st
ud
y s
ite
, 2
01
0–
20
12
St
ud
y s
ite
No
. o
f 
w
om
en
 
en
ro
lle
d
No
. (
%
) o
f b
irt
hs
 b
y a
tt
en
da
nt
No
. (
%
) o
f b
irt
hs
 b
y p
la
ce
No
. (
%
) 
of
 ca
es
ar
-
ea
n 
se
ct
io
ns
 
pe
rf
or
m
ed
Ph
ys
ici
an
Nu
rs
e
Tr
ad
iti
on
al
 b
irt
h 
at
te
nd
an
t
Fa
m
ily
 m
em
be
r
Ho
sp
ita
l
He
al
th
 cl
in
ic
Ho
m
e
Ot
he
ra
Ar
ge
nt
in
a
8 
86
1
6 
38
1 
(7
2.
2)
2 
41
0 
(2
7.
3)
3 
(0
.0
)
47
 (0
.5
)
8 
75
7 
(9
8.
9)
14
 (0
.2
)
20
 (0
.2
)
63
 (0
.7
)
3 
04
8 
(3
4.
4)
Gu
at
em
al
a
19
 7
25
7 
02
3 
(3
5.
6)
37
4 
(1
.9
)
12
 2
76
 (6
2.
2)
51
 (0
.3
)
6 
63
2 
(3
3.
6)
71
8 
(3
.6
)
12
 3
08
 (6
2.
4)
66
 (0
.3
)
2 
93
9 
(1
4.
9)
In
di
a
  B
el
ga
um
65
 8
10
37
 5
18
 (5
7.
0)
22
 4
12
 (3
4.
1)
1 
86
4 
(2
.8
)
3 
99
7 
(6
.1
)
42
 8
85
 (6
5.
2)
16
 5
06
 (2
5.
1)
6 
05
3 
(9
.2
)
30
4 
(0
.5
)
7 
96
3 
(1
2.
1)
  N
ag
pu
r
30
 9
38
17
 7
41
 (5
7.
4)
10
 7
88
 (3
4.
9)
1 
10
9 
(3
.6
)
1 
28
1 
(4
.1
)
19
 9
69
 (6
4.
6)
8 
35
1 
(2
7.
0)
2 
56
4 
(8
.3
)
32
 (0
.1
)
5 
38
3 
(1
7.
4)
Ke
ny
a
27
 0
72
50
3 
(1
.9
)
10
 3
41
 (3
8.
2)
12
 8
82
 (4
7.
6)
3 
34
5 
(1
2.
4)
3 
24
7 
(1
2.
0)
7 
29
3 
(2
6.
9)
16
 1
53
 (5
9.
7)
37
6 
(1
.4
)
37
6 
(1
.4
)
Pa
ki
st
an
40
 6
56
9 
80
0 
(2
4.
1)
10
 6
54
 (2
6.
2)
18
 4
49
 (4
5.
5)
1 
68
7 
(4
.2
)
10
 9
95
 (2
7.
1)
9 
80
9 
(2
4.
2)
19
 4
87
 (4
8.
0)
30
8 
(0
.8
)
3 
37
4 
(8
.3
)
Za
m
bi
a
21
 0
08
55
9 
(2
.7
)
10
 8
12
 (5
1.
5)
5 
96
0 
(2
8.
4)
3 
67
6 
(1
7.
5)
1 
60
9 
(7
.7
)
10
 5
42
 (5
0.
2)
8 
56
7 
(4
0.
8)
28
9 
(1
.4
)
23
1 
(1
.1
)
To
ta
l
21
4 
07
0
79
 5
25
 (3
7.
1)
67
 7
91
 (3
1.
7)
52
 5
43
 (2
4.
5)
14
 0
84
 (6
.6
)
94
 0
94
 (4
4.
0)
53
 2
33
 (2
4.
9)
65
 1
52
 (3
0.
4)
14
38
 (0
.7
)
23
 3
14
 (1
0.
9)
a   
D
el
iv
er
y 
oc
cu
rre
d 
du
rin
g 
tra
ns
it 
to
 a
 h
ea
lth
-c
ar
e 
fa
ci
lit
y 
or
 in
fo
rm
at
io
n 
w
as
 n
ot
 a
va
ila
bl
e.
Ta
bl
e 
2.
 
M
at
er
na
l, 
fe
ta
l a
nd
 n
eo
na
ta
l d
ea
th
s i
n 
six
 co
un
tr
ie
s, 
by
 st
ud
y s
ite
, 2
01
0–
20
12
St
ud
y s
ite
No
. o
f 
w
om
en
 
en
ro
lle
d
No
. o
f 
m
at
er
na
l 
de
at
hs
M
at
er
na
l m
or
ta
l-
ity
 ra
tio
, d
ea
th
s 
pe
r 1
00
 00
0 
liv
e 
bi
rt
hs
 (9
5%
 CI
)
St
ill
bi
rt
hs
7-
da
y n
eo
na
ta
l d
ea
th
s
Pe
rin
at
al
 d
ea
th
sa
28
-d
ay
 n
eo
na
ta
l d
ea
th
s
No
.
Pe
r 1
00
0 
bi
rt
hs
 
(9
5%
 CI
)
No
.
M
or
ta
lit
y r
at
e,
 
de
at
hs
 p
er
 1
00
0 
liv
e 
bi
rt
hs
 (9
5%
 CI
)
No
.
M
or
ta
lit
y r
at
e,
 
de
at
hs
 p
er
 1
00
0 
bi
rt
hs
 (9
5%
 CI
)
No
.
M
or
ta
lit
y r
at
e,
 
de
at
hs
 p
er
 1
00
0 
liv
e 
bi
rt
hs
 (9
5%
 CI
)
Ar
ge
nt
in
a
8 
86
1
6
69
 (1
4–
12
5)
12
6
14
.1
 (1
1.
7–
16
.6
)
71
8.
2 
(6
.3
–1
0.
0)
19
7
22
.3
 (1
9.
2–
25
.4
)
88
10
.1
 (8
.0
–1
2.
2)
Gu
at
em
al
a
19
 7
25
21
10
9 
(6
3–
15
6)
39
8
20
.0
 (1
8.
1–
22
.0
)
30
2
15
.6
 (1
3.
9–
17
.4
)
70
0
35
.4
 (3
2.
9–
38
.0
)
41
7
21
.6
 (1
9.
5–
23
.6
)
In
di
a
  B
el
ga
um
65
 8
10
84
13
9 
(1
09
–1
68
)
1 
60
7
25
.7
 (2
4.
4–
26
.9
)
1 
17
8
19
.3
 (1
8.
2–
20
.4
)
2 
78
5
44
.5
 (4
2.
9–
46
.1
)
1 
42
9
23
.4
 (2
2.
2–
24
.6
)
  N
ag
pu
r
30
 9
38
44
15
5 
(1
09
–2
01
)
82
4
27
.9
 (2
6.
1–
29
.8
)
50
7
17
.8
 (1
6.
3–
19
.3
)
1 
33
1
45
.4
 (4
3.
0–
47
.8
)
63
8
22
.4
 (2
0.
7–
24
.1
)
Ke
ny
a
27
 0
72
36
13
6 
(9
2–
18
0)
58
1
21
.2
 (1
9.
5–
22
.9
)
32
5
12
.1
 (1
0.
8–
13
.5
)
90
6
33
.1
 (3
1.
0–
35
.2
)
41
6
15
.5
 (1
4.
1–
17
.0
)
Pa
ki
st
an
40
 6
56
11
6
31
6 
(2
59
–3
74
)
2 
23
7
56
.1
 (5
3.
8–
58
.3
)
1 
50
5
40
.6
 (3
8.
6–
42
.7
)
34
2
95
.3
 (9
2.
4–
98
.2
)
1 
85
8
50
.2
 (4
8.
0–
52
.4
)
Za
m
bi
a
21
 0
08
29
14
4 
(9
2–
19
7)
44
0
21
.0
 (1
9.
1–
23
.0
)
32
0
15
.8
 (1
4.
1–
17
.5
)
76
0
36
.7
 (3
4.
1–
39
.2
)
38
4
18
.9
 (1
7.
1–
20
.8
)
To
ta
l
21
4 
07
0
33
6
16
8 
(1
50
–1
86
)
6 
21
3
29
.7
 (2
9.
0–
30
.4
)
4 
20
8
20
.9
 (2
0.
2–
21
.5
)
10
 4
21
50
.1
 (4
9.
2–
51
.1
)
5 
23
0
25
.9
 (2
5.
2–
26
.6
)
CI
: c
on
fid
en
ce
 in
te
rv
al
.
a   
Pe
rin
at
al
 d
ea
th
s i
nc
lu
de
d 
st
ill
bi
rth
s a
nd
 n
eo
na
ta
l d
ea
th
s o
cc
ur
rin
g 
in
 th
e 
se
ve
n 
da
ys
 a
fte
r d
el
iv
er
y.
Bull World Health Organ 2014;92:605–612| doi: http://dx.doi.org/10.2471/BLT.13.127464608
Research
Pregnancy-related mortality in low- and middle-income countries Sarah Saleem et al.
to give consent. Data on outcomes up 
to six weeks after delivery were avail-
able for 214 070 of the 220 235 women 
(97.2%). The proportion of deliveries 
conducted by a physician ranged from 
1.9% (503/27 072) in Kenya to 72.2% 
(6381/8861) in Argentina (Table 1). De-
liveries by traditional birth attendants 
were rarely reported in Argentina, 
whereas 62.2% (12 276/19 724) of births 
in Guatemala were conducted by such 
attendants. The proportion of deliver-
ies that took place in a hospital ranged 
from 7.7% (1609/21 008) in Zambia to 
98.9% (8757/8861) in Argentina. Across 
all study sites, 44.0% (94 094/214 070) 
of deliveries took place in a hospital, 
compared with 30.4% (65 152/214 070) 
at home and 24.9% (53 233/214 070) in 
a health clinic. The caesarean section 
rate ranged from 34.4% (3048/8861) 
in Argentina to 1.1% (231/21 008) in 
Zambia.
In total, 336 maternal deaths oc-
curred among the 214 070 women, 
which corresponded to an overall ma-
ternal mortality ratio of 168 per 100 000 
live births. The ratio ranged from 69 
per 100 000 live births in Argentina to 
316 per 100 000 in Pakistan (Table 2). 
Around 21% (72/336) of pregnant 
women who died did so before delivery, 
whereas 29% (98/336) died during or 
immediately following delivery and an 
additional 9% (31/336) died on the day 
after delivery. Maternal deaths were 
due to: haemorrhage in 86/336 women 
(26%); pre-eclampsia or eclampsia in 
55/336 (16%); sepsis in 39/336 (12%); 
suicide or accident in 23/336 (6.8%); 
anaemia in 22/336 (6.5%); infection 
with, for example, malaria or HIV in 
21/336 (6.3%); heart disease in 16/336 
(4.8%); obstructed labour in 12 (3.6%); 
other medical causes such as gestational 
diabetes or cancer in 5/336 (1.5%); and 
an unknown cause in 57/336 (17%).
Overall there were 6213 stillbirths, 
which corresponded to a rate of 29.7 
per 1000 births; the figure ranged from 
14.1 per 1000 births in Argentina to 
56.1 per 1000 in Pakistan (Table 2). 
There were 4208 7-day neonatal deaths, 
which corresponded to a rate of 20.9 per 
1000 live births; the figure ranged from 
8.2 per 1000 live births in Argentina to 
40.6 per 1000 in Pakistan. Altogether, 
there were more than 10 000 perinatal 
deaths (i.e. stillbirths and neonatal 
deaths up to 7 days after delivery) and 
the overall perinatal mortality rate was 
50.1 per 1000 births; the figure ranged 
from 22.3 per 1000 births in Argentina 
to 95.3 per 1000 in Pakistan. In total, 
34% (1804/5230) of neonatal deaths 
occurred on the day of delivery, 14% 
(755/5230) occurred on the following 
day and an additional 28% (1464/5230) 
occurred during the remainder of the 
first week of life. We assumed that 
fetal death occurred before labour 
in the 30% (1864/6213) of stillbirths 
that were macerated. The remaining 
70% (4349/6213) probably occurred 
close to delivery or while the woman 
was in labour. While approximately 
64% (137, 404/214 070) of deliveries 
took place at Asian sites, between 73% 
(244/336) and 75% (7858/10 421) of 
maternal, fetal and neonatal deaths oc-
curred in this region.
We examined the association be-
tween perinatal and neonatal outcomes 
and the death of the mother. A total of 
345 fetuses or neonates were recorded 
for the 336 women who died. Among 
those born to women who died, 110 
were stillborn, 42 died by day 28 and 
154 survived for more than 28 days 
(Table 3). In addition, there were 28 
miscarriages or medically terminated 
pregnancies and the status of 11 fetuses 
or neonates was unknown. In total, 152 
of 336 maternal deaths (45%) were as-
sociated with a stillbirth or a neonatal 
death. Among women who died, the 
stillbirth rate was 241 per 1000 births 
compared with 29 per 1000 in women 
who were still alive after six weeks. 
Moreover, the 7-day neonatal mortal-
ity rate was 159 per 1000 live births in 
women who died compared with 26 per 
1000 in those who were still alive after 
six weeks. Finally, we calculated the as-
sociation between the mother’s death 
and the risk of stillbirth and neonatal 
death (Table 3). The risk of a stillbirth 
was significantly higher in women who 
died than in those who were still alive 
after six weeks (risk ratio, RR: 9.48; 95% 
confidence interval, CI: 7.97–11.27), as 
were the risks of perinatal death (RR: 
4.30; CI: 3.26–5.67), neonatal death 
within 7 days (RR: 3.94; CI: 2.74–5.65) 
and neonatal death within 28 days (RR: 
7.36; CI: 5.54–9.77).
Discussion
We had three primary goals. The first 
was to determine maternal, fetal and 
neonatal mortality rates across the seven 
study sites. The two extremes were Ar-
gentina and Pakistan, where Pakistan 
had generally 4-fold to 5-fold higher 
mortality than Argentina. The second 
goal was to establish when maternal, 
fetal and neonatal deaths occurred. 
We found that nearly 20% of maternal 
deaths occurred before the day of deliv-
ery and another 30% occurred on the 
day of delivery. Thereafter, the number 
of maternal deaths decreased slowly 
throughout the following six weeks. The 
timing is consistent with our observa-
tion that the main causes of maternal 
death were haemorrhage, pre-eclampsia 
and eclampsia. Approximately two 
thirds of stillbirths were regarded as 
occurring around the time of delivery 
since these fetuses showed no signs of 
maceration. Moreover, approximately 
one third of neonatal deaths occurred 
on the day of delivery and another 25% 
occurred in the two days following de-
livery. Our third goal was to identify re-
lationships between maternal deaths and 
stillbirths and neonatal deaths. Overall, 
if the mother died during pregnancy or 
in the six weeks after delivery, about half 
of their fetuses or neonates also died. 
However, it is important to note that half 
of their neonates survived the neonatal 
period. Previous research has suggested 
that infants who have lost their mothers 
have significantly higher risks of death 
and disease well into childhood and that 
maternal death also has an adverse effect 
on other siblings and on the extended 
family.15,28–30,32,33
Our study is a prospective, inter-
national, population-based research to 
assess the relationship between maternal 
and perinatal deaths. This study has 
several strengths. First, we prospectively 
registered all pregnant women in de-
fined geographical catchment areas and 
the follow-up rate was high. In addition, 
the study was population-based and 
took place in areas where a substantial 
proportion of births occurred at home. 
Thus data from this study are likely to be 
more representative of these areas than 
many hospital-based studies of mater-
nal mortality. Moreover, we employed 
trained coordinators to help ensure 
that the quality of the data collected on 
fetal, newborn and maternal outcomes 
was high. The follow-up rate to 28 days 
postpartum was very high (97%), which 
means that very few neonatal deaths 
were missed. Although maternal deaths 
are rare, we were able to calculate ma-
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ternal mortality ratios and to assess the 
timing of maternal death and its asso-
ciation with perinatal or neonatal death 
because our study included more than 
200 000 pregnant women.
One of the study’s limitations was 
that, since enrolment began at 16 weeks 
gestation, we may have missed some 
maternal deaths that occurred early 
in gestation, before the pregnancy had 
been recognized. Therefore, we may 
have underestimated maternal death 
rates, especially among women with 
early pregnancy losses, including those 
due to abortion. Additionally, although 
we asked each site to use WHO criteria 
to assign the cause of death, no specific 
methods were provided and thus each 
site probably interpreted the criteria 
slightly differently. Nevertheless, our 
study is one of the few that has pro-
spectively registered pregnant women 
in low-income areas and followed 
them through to six weeks postpartum, 
thereby enabling maternal mortality to 
be estimated in the whole population. 
We did not analyse the relationship 
between maternal death and perina-
tal outcomes by country because the 
number of maternal deaths was small. 
However, we recognize that regional 
differences are an important area for 
future research.
Although maternal mortality has 
decreased significantly worldwide for 
several decades, the maternal mortality 
ratio remains high, especially in low-
income countries, and is particularly 
high in sub-Saharan Africa and south 
Asia. These areas also have some of the 
highest rates and some of the highest 
absolute numbers of stillbirths and 
neonatal deaths. Our findings have im-
portant implications for the timing of 
interventions. We found, in agreement 
with other researchers, that the period 
of highest risk for both the mother and 
her fetus or neonate is around the time of 
delivery.5–8 Additionally, we also found 
that the majority of maternal deaths 
were attributed to causes associated with 
labour or delivery, such as haemorrhage, 
pre-eclampsia, eclampsia and sepsis.30 In 
2011, other studies showed that mater-
nal, fetal and newborn deaths are often 
due to the same causes and that inter-
ventions that reduce stillbirth and early 
neonatal mortality also reduce maternal 
mortality.34,35 Since then, others have 
described the possible connection be-
tween maternal and perinatal outcomes 
in greater detail.4,36,37
Our study confirms that the moth-
er’s death has important implications 
for the risk that her fetus or neonate 
will also die. Since most deaths occurred 
near to delivery and because most ob-
stetric complications are not recognized 
in advance, the intervention most likely, 
by far, to reduce mortality is the provi-
sion of high-quality emergency obstetric 
and neonatal care in hospitals capable 
of carrying out deliveries by caesarean 
section, blood transfusion and neonatal 
resuscitation in addition to other key 
elements of obstetric care, such as uter-
ine evacuation of the retained products 
of conception, manual removal of the 
placenta, assisted vaginal delivery by 
forceps or vacuum and the administra-
tion of oxytocin, anticonvulsants and 
antibiotics. Although the provision of 
health-care services in homes and clinics 
is an important component of the overall 
system of obstetric and newborn care, 
programmes that focus on improving 
obstetric and neonatal care close to the 
time of birth appear to have the great-
est chance of reducing all three types of 
pregnancy-related mortality: maternal, 
fetal and neonatal. ■
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Table 3. Stillbirths, neonatal and perinatal deaths in six countries,a by maternal outcome, 2010–2012
Pregnancy outcome Women who died  
(No. = 345)
Women alive six weeks after delivery 
(No. = 214 221)
Risk ratio (95% CI)
No. Per 1000 live birthsb No. Per 1000 live birthsb
Stillbirthc 110 318.8 6 083 28.4 9.48 (7.97–11.27)
Neonatal death before day 7 31 89.9 4 139 19.3 3.94 (2.74–5.65)
Neonatal death before day 28 42 121.7 5 150 24.0 7.36 (5.54–9.77)
Perinatal deathd 141 408.7 10 222 47.7 4.30 (3.26–5.67)
Miscarriagee or medically 
terminated pregnancy
28 81.2 6 720 31.4 ND
Infant alive at 28 days 154 446.4 196 221  916.0 ND
Unknownf 11 31.9 47 0.2 ND
CI: confidence interval; ND: not determined.
a  The countries were Argentina, Guatemala, India, Kenya, Pakistan and Zambia.
b  All values are for deaths per 1000 live births except for stillbirths and perinatal deaths, where values are for deaths per 1000 births.
c  The pregnancy outcome was classified as a stillbirth in 47 cases in which the mother died after 20 weeks’ gestation and no data were available on the status of the 
fetus or neonate.
d  Perinatal deaths included stillbirths and neonatal deaths occurring in the seven days after delivery.
e  The pregnancy outcome was classified as a miscarriage in 11 cases in which the mother died before 20 weeks’ gestation and no data were available on the status of 
the fetus.
f  The pregnancy outcome was classified as unknown if no data were available on the status of the fetus or neonate at delivery or on the status of the neonate during 
follow-up after a live birth.
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صخلم
لخدلا ةطسوتلماو ةضفخنلما نادلبلا في نادلولاو ةنجلأاو ةموملأا تايفو نع ةيعلاطتسا ةسارد
 نادلبلا في نادلولاو ةنجلأاو ةموملأا تايفو رادقم سايق ضرغلا
 تايفولا  ثودح  تاقوأ  ديدحتل  لخدلا  ةطسوتلماو  ةضفخنلما
 صلاملإا  تلااحو  ةموملأا  تايفو  ينب  تاقلاعلا  ديدحتلو
.نادلولا تايفوو
 106  في لملحا لئاصح نع ةيعلاطتسا ةسارد ءارجإ مت ةقيرطلا
 اينيكو دنلهاو لامايتاوغو ينتنجرلأا في عقاوم ةعبس في ًايلمح ًاعمتمج
 ىتح  نهتعباتمو  لماولحا  ءاسنلا  ليجست  متو  .ايبمازو  ناتسكابو
.عضولا دعب عيباسأ ةتس
 نم  ةديس  214070  تلمكأ  ،2012و  2010  يماع  ينب  جئاتنلا
 ةبسن  تناكو  .ةعباتلما  )% 97.2(  ةلجسم  ةديس  220235  لياجمإ
 تحوارتو  ،يح  ديلو  100000  لكل  168  ةموملأا  تايفو
 لكل  316  لىإ  ينتنجرلأا  في  يح  ديلو  100000  لكل  69  نم
 % 29 ةبسن تثدح ،ماع لكشبو .ناتسكاب في يح ديلو 100000
 ىزعي :ةدلاولاب ةطيحلما ةترفلا في ةموملأا تايفو نم )336/98(
 جاعترلاا تامدقم وأ )336/86( فزنلا لىإ تلاالحا هذه مظعم
 حجرلما  نمو  .)336/39(  ناتنلإا  وأ  )336/55(  جاعترلاا  وأ
 تناك  )6213/4349(  صلاملإا  تلااح  نم  % 70  لياوح  نأ
 )5230/1804( نادلولا نم % 34  ةبسن تيفوتو ،عضولا ءانثأ
 )5230/755(  نادلولا  نم % 14  ةبسن  تيفوتو  ةدلاولا  موي  في
 ىدل  ًاعويش  رثكأ  صلاملإا  تلااح  تناكو  .هيلي  يذلا  مويلا  في
 عضولا دعب عيباسأ ةتس نشع تياوللا نع نهفتح ينقل تيلالا ءاسنلا
 7.97  :ةقثلا  لصاف  ،% 95  ةقثلا  لصاف  ؛9.48  :ةروطلخا  ةبسن(
 ةطيحلما  ةترفلا  في  تايفولا  عم  عضولا  سفن  وهو  ،)11.27  -
 -  3.26  :% 95  ةقثلا  لصاف  ؛4.30  :ةروطلخا  ةبسن(  ةدلاولاب
 ؛3.94 :ةروطلخا ةبسن( عباسلا مويلا في نادلولا تايفوو )5.67
 مويلا  في  نادلولا  تايفوو  )5.65  -  2.74  :% 95  ةقثلا  لصاف
 :% 95  ةقثلا  لصاف  ؛7.36  :ةروطلخا  ةبسن(  نيشرعلاو  نماثلا
.)9.77–5.54
 دنع  نادلولاو  ةنجلأاو  ةموملأا  تايفو  مظعم  تثدح  جاتنتسلاا
 نكمي  بابسأ  لىإ  ىزعتو  ةدلاولاب  ةطيحلما  ةترفلا  في  وأ  ةدلاولا
 نادلولا  تايفو  ةروطخ  ةدايز  لىإ  ةموملأا  تايفو  تدأو  .اهيقوت
 ةياعرلا  ينستح  رفويو  .ةدلاولاب  ةطيحلما  ةترفلا  في  تايفولاو
 ليلقتل ةصرف مظعأ ةدلاولاب ةطيحلما ةترفلا في ةيديلولاو ةيديلوتلا
.تايفولا لدعم
摘要
中低收入国家孕产妇、胎儿和新生儿死亡率的前瞻性研究
目的 量化中低收入国家孕产妇、胎儿和新生儿死亡率，
确定发生死亡的时间以及孕产妇死亡、死产和新生儿
死亡之间的关系。
方法 在阿根廷、危地马拉、印度、肯尼亚、巴基斯坦
和赞比亚的七个地点 106 个社区进行妊娠结局的前瞻
性研究。招募孕妇并随访至产后六周。
结果 在 2010 和 2012 年间，对纳入研究的 220 235 名女
性中的 214 070 名（97.2%）完成随访。产妇死亡率为
每 10 万例活产 168 例死亡，范围从阿根廷的每 10 万
例 69 例到巴基斯坦的每 10 万例 316 例不等。整体而言，
29%（98/336）的孕产妇死亡发生在分娩前后 ：大多数
是因为出血（86/336）、子痫前期或子痫（55/336）或
者败血症（39/336）。大约 70%（4349/6213）的死产可
能在分娩期发生 ；34%（1804/5230）的新生儿死亡发
生在分娩当天，14%（755/5230）在第二天。与产后六
周之后仍存活的女性相比，死产在死亡女性中更加普
遍（风险比：RR：9.48；95% 置信区间，CI：7.97–11.27），
围产期死亡（RR：4.30；95% CI：3.26–5.67）和 7 天（RR：
3.94；95% CI：2.74–5.65）和 28 天新生死亡（RR：7.36；
95% CI ：5.54–9.77）的情况也是如此。
结论 大多数孕产妇、胎儿和新生儿死亡发生在分娩或
分娩前后，且都归因于可预防的原因。孕产妇死亡增
加围产期和新生儿死亡的风险。改善分娩前后产科和
新生儿护理是降低死亡率的最大机会。
Résumé
Une étude prospective de la mortalité maternelle, foetale et néonatale dans les pays à revenus faible et intermédiaire
Objectif Quantifier la mortalité maternelle, foetale et néonatale dans 
les pays à revenus faible et intermédiaire pour identifier à quel moment 
survient le décès et pour analyser les relations entre les décès maternels 
et les mortinaissances/décès néonataux.
Méthodes Une étude prospective sur des grossesses a été effectuée 
dans 106 collectivités sur 7 sites: Argentine, Guatemala, Inde, Kenya, 
Pakistan et Zambie. Les femmes enceintes ont été inscrites et suivies 
jusqu’à 6 semaines après leur accouchement.
Résultats Entre 2010 et 2012, 214 070 femmes inscrites sur 220 235 
(97,2%) ont participé au suivi. Le taux de mortalité maternelle 
était de 168 pour 100 000 naissances d’enfants vivants, allant de 
69 pour 100 000 en Argentine à 316 pour 100 000 au Pakistan. Dans 
l’ensemble, 29% (98/336) des décès maternels ont eu lieu au moment 
de la naissance: la plupart des décès ont été dus à une hémorragie 
(86/336), une prééclampsie ou une éclampsie (55/336), ou encore une 
septicémie (39/336). Environ 70% (4349/6213) des enfants sont mort-
nés intrapartum; 34% (1804/5230) des nouveau-nés sont morts le jour 
de leur naissance et 14% (755/5230) le lendemain. Les mortinaissances 
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étaient plus fréquentes chez les femmes qui ont aussi perdu la vie que 
chez celles qui ont survécu 6 semaines après l’accouchement (risque 
relatif, RR: 9,48; intervalle de confiance à 95%, IC: 7,97–11,27), pour les 
décès périnatals (RR: 4,30; IC à 95%: 3,26–5,67), à 7 jours (RR: 3,94; IC à 
95%: 2,74–5,65), et à 28 jours (RR: 7,36; IC à 95%: 5,54–9,77).
Conclusion La plupart des cas de mortalité maternelle, foetale et 
néonatale se sont produits pendant ou peu avant ou après la naissance 
et ont été attribués à des causes évitables. La mortalité maternelle a 
augmenté le risque de mort périnatale et néonatale. L’amélioration 
des soins obstétricaux et néonatals au moment de la naissance offre 
les meilleures chances de réduire cette mortalité.
Резюме
Проспективное исследование материнской, внутриутробной и неонатальной смертности в странах с 
низким и средним уровнем дохода
Цель Определить уровень материнской, внутриутробной и 
неонатальной смертности в странах с низким и средним уровнем 
дохода, выяснить, когда происходят эти смерти и выявить 
связи между материнской смертностью, мертворождениями и 
неонатальной смертностью.
Методы Проспективное исследование исходов беременности 
было проведено в 106 общинах в семи районах Аргентины, 
Гватемалы, Индии, Кении, Пакистана и Замбии. Включение в 
исследование и наблюдение за беременными женщинами велось 
до шестинедельного послеродового периода.
Результаты В 2010‒2012 годах наблюдение прошли 214 070 
из 220 235 включенных в исследование женщин (97,2%). 
Коэффициент материнской смертности составлял 168 смертей 
на 100 000 живорождений, варьируясь в пределах от 69 смертей 
на 100 000 живорождений в Аргентине до 316 смертей на 
100 000 живорождений в Пакистане. В общем, во время родов 
было зарегистрировано 29% (98/336) материнских смертей: 
причиной большинства из них были кровотечения (86/336), 
преэклампсия или эклампсия (55/336) или сепсис (39/336). 
Около 70% (4349/6213) мертворождений, вероятно, произошли 
во время родов; 34% (1804/5230) новорожденных умерли в 
день родов и 14% (755/5230) умерли на следующий день после 
родов. Мертворожденность чаще всего отмечалась у умерших 
в ходе родов женщин, чем у женщин, которые оставались в 
живых спустя шесть недель после родов (отношение рисков, ОР: 
9,48; 95% доверительный интервал, ДИ: 7,97–11,27). То же самое 
касается перинатальной смертностности (ОР: 4,30; 95% ДИ: 3,26–
5,67) и 7-дневной (ОР: 3,94; 95% ДИ: 2,74–5,65) и 28-дневной 
неонатальной смертности (ОР: 7,36; 95% ДИ: 5,54–9,77).
Вывод Наибольшее число материнских, внутриутробных и 
неонатальных смертей зарегистрировано в момент родов 
или в дородовой или послеродовой период и объяснялись 
предотвратимыми причинами. Материнская смертность 
увеличивала риск перинатальной и неонатальной смерти. 
Совершенствование акушерской и неонатальной помощи во 
время родов открывает наилучшие возможности для снижения 
смертности.
Resumen
Un estudio prospectivo de las muertes maternas, fetales y neonatales en países de ingresos bajos y medios
Objetivo Cuantificar la mortalidad materna, fetal y neonatal en países 
de ingresos bajos y medios a fin de identificar cuándo se producen 
muertes y las relaciones entre las muertes maternas y la mortalidad 
prenatal y neonatal.
Métodos Se realizó un estudio prospectivo de los resultados del 
embarazo en 106 comunidades en siete lugares en Argentina, 
Guatemala, India, Kenya, Pakistán y Zambia. Se inscribieron mujeres 
embarazadas, de las que se hizo un seguimiento hasta seis semanas 
tras el parto.
Resultados Entre 2010 y 2012, 214 070 de las 220 235 mujeres inscritas 
(97,2%) completaron el seguimiento. La tasa de mortalidad materna fue 
de 168 por 100 000 nacidos vivos, con una variación que va desde 69 
por 100 000 en Argentina a 316 por 100 000 en Pakistán. En general, el 
29% (98/336) de las muertes maternas se produjo en torno al momento 
del parto: la mayoría se atribuyó a hemorragias (86/336), preeclampsia 
o eclampsia (55/336), o sepsis (39/336). Alrededor del 70% (4349/6213) 
de las muertes prenatales se produjo probablemente en el parto; el 34% 
(1804/5230) de los recién nacidos murieron el día del parto y el 14% 
(755/5230), al día siguiente. Las muertes prenatales fueron más comunes 
en las mujeres que fallecieron que en aquellas con vida seis semanas 
después del parto (riesgo relativo, RR: 9,48; intervalo de confianza 95%, 
IC: 7,97–11,27), al igual que las muertes perinatales (RR: 4,30; IC del 
95%: 3,26–5,67) y las muertes de neonatos a 7 días (RR: 3,94; IC del 95%: 
2,74–5,65) y a 28 días (RR: 7,36; IC del 95%: 5,54–9,77).
Conclusión La mayoría de las muertes maternas, prenatales y 
neonatales ocurrieron en o en torno al parto y se atribuyeron a causas 
evitables. La muerte materna aumentó el riesgo de muerte perinatal y 
neonatal. Mejorar la atención obstétrica y neonatal en el momento del 
nacimiento ofrece las mayores posibilidades para reducir la mortalidad.
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